Objective: The present review sought to examine the evidence on the associations between pedometer-determined physical activity and adiposity. Design: Of 304 potentially eligible articles, 36 were included. A search for observational studies was carried out using Cochrane Library (CENTRAL), the OVID (MEDLINE, Embase, and PsycINFO), EBSCOhost (Sportdiscus), and PEDro database from their commenced to July 2015. Of 304 potentially eligible articles, 36 were included. Results: Most studies (30/36; 83%) were cross sectional and all used proxies for adiposity, such as body mass index (BMI) or BMI z-score as the outcome measure. Few studies (2/36; 6%) focused on preschool children. There was consistent evidence of negative associations between walking and adiposity; significant negative associations were observed in 72% (26/36) of studies overall. Conclusions: The present review supports the hypothesis that higher levels of walking are protective against child and adolescent obesity. However, prospective longitudinal studies are warranted; there is a need for more research on younger children and for more "dose-response" evidence.
INTRODUCTION
A high proportion of youth in Europe and the United States do not meet current physical activity (PA) guidelines, highlighting the importance of promoting a physically active lifestyle among youth, despite the increasing recognition of the health benefits associated with PA participation. 1 Physical activity levels play a determinant role in the onset and development of obesity as well as in the maintenance of overall health in youth. 2 The use of objective methods for measuring PA has been highlighted as necessary for a proper understanding of associations of PA with health-related parameters such as adiposity. 1 Since pedometers were suggested for the first time in 1997 as a potential tool for monitoring daily or weekly PA in children, 2 several reviews have been focused on the utility of pedometers for measuring PA. [3] [4] [5] [6] [7] [8] [9] Pedometers have been used successfully in a variety of ways to promote PA among youth, 6 and the validity of pedometers has been studied in depth, raising this method as appropriate. 3, 4, [7] [8] [9] Moreover, Tudor-Locke et al 5 revised the evidence on the number of steps per day which should be recommended and concluded that this should range from approximately 12 000 to 16 000 and from 10 000 to 14 000 steps per weekday in boys and girls, respectively (on weekend days allowing for an average decrease of 2000 steps/d). Duncan et al 10 proposed a similar optimal step count cutoff point based on associations with body fat (16 000 and 13 000 steps/d for boys and girls, respectively).
In recent years, there has been an increased interest in objective monitoring of daily PA using simple and inexpensive methods; however, it is not clear whether pedometers could provide a suitably accurate estimate of PA to enable the detection of a significant association with adiposity or not. Jiménez-Pavón et al, 1 who reviewed the literature in 2008, found consistent evidence of negative associations between objectively measured physical activity and adiposity, although few studies used pedometers at that time. More recent reviews on associations between objectively measured PA, particularly moderate-to-vigorous PA (MVPA), and adiposity have noted a very limited evidence base. 11 The wide variety of accelerometer data reduction methods in the literature also means that it is difficult to determine a dose-response association between accelerometer measured MVPA and adiposity. Walking behavior, as measured by pedometers, is a much simpler concept than MVPA, leading to simpler measurement and lending itself to simpler translation to public health messages. Therefore, because of the growing number of studies using pedometers, and the public health value of walking as a concept, and the practical utility of pedometers in population-based approaches to obesity prevention, an updated revision regarding the association of PA determined by pedometers and adiposity would be of interest. In the present review, the main objective was to systematically review the original studies investigating the relationship between walking and adiposity of children and adolescents.
METHODS
The protocol used for the systematic review is Preferred Reporting Items for Systematic reviews and Meta Analyses (PRISMA). 12 For the assessment of the quality of the included studies where it are shown in the Table 3 , was used The Evidence Analysis Manual was created by the Academy of Nutrition and Dietetics. 13 
Search Strategy
The search was conducted in the following databases-Cochrane Library (CENTRAL), the OVID (MEDLINE, Embase, and PsycINFO), EBSCOhost (Sportdiscus), and PEDro-from the beginning to July 2015. PubMed database was also used for double checking. The search period was chosen as pedometer usage is recent, and we wanted to include all the literature available. In addition, manual searching of reference lists were carried out and results combined in EndNote. Keywords used were "pedometer" and "pedometer and physical activity."
The searches by these terms resulted in 304 potentially eligible articles, from which duplicates, checking titles, and abstracts were eliminated by applying the inclusion and exclusion criteria derived in the final eligible articles (Figure 1 ).
Eligibility Criteria
Eligible studies were longitudinal and cross-sectional observational studies of healthy children and adolescents (0-18 years) that tested for the existence of associations between walking using pedometers and adiposity. Studies were only included when they attempted to measure typical or "habitual" freeliving PA; studies that measured PA in confined conditions (eg, within whole-body calorimeters) were excluded. Community-based (nonclinical) studies with a measure of walking (pedometer-determined) as the exposure variable and with at least one weight-based outcome indicative of adiposity were included. Studies that used, exclusively, other objective methods for PA such as accelerometry or heart rate monitor were excluded. Studies in clinical populations, not in the English/Spanish languages, or proxy measures of habitual PA (eg, physical education time) were also excluded. In addition, duplicate publications were excluded, and in all cases of duplicates, the first publication was selected for inclusion. Doubts over eligibility of individual articles/studies were resolved by discussion and consensus between the authors. Reasons for excluding articles were noted and are available from the corresponding author on request.
Data Management and Extraction
Characteristics of each study were extracted and summarized: the exposure variable (s) used; methodology for measurement of the exposure variable; the outcome variable (s) used; methodology for measurement of the outcome variable (s) (adiposity measure, proxy, or index); sample size, location, and characteristics; and results and main conclusions relevant to the present review.
Sensitivity Analyses Age of Study Participants
Studies were stratified by age range of study participants into preschool children (up to 5.5 years), children (5.5-10.5 
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Step count quartiles-I: ,10 000; II: 10 000-12 000; III: 12 000-14 000; and IV: .14 000, 7 days (at least 4 days; 3 weekdays and 1 weekend BMI was negatively associated with steps/ day -BMI years), and adolescents (10.5-18 years) to examine possible age-dependence of relationships between walking and adiposity. 14 The precise age categories chosen made little difference to the conclusions of the present review.
Outcome Measure(s)
A variety of different measures of adiposity or indices of adiposity were used in the studies reviewed, falling into 2 categories: proxies for adiposity [body mass index (BMI) and waist circumference] and more precise measures of adiposity such as skinfolds thickness or bioelectrical impedance analysis (BIA).
Exposure Measure
The method used to measure PA was only pedometry. This has become a popular PA assessment tool, 10 capturing objective PA data, 8 specifically walking behavior.
Sample Size
The studies reviewed were characterized by a very wide range of sample sizes. Sample size is likely to determine the ability to detect associations between walking behavior and adiposity. Publication bias is also possible, and small studies that find no association between walking and adiposity are less likely to be published than small studies that find significant associations.
In an attempt to address the influence of sample size on the confidence in any conclusions reached, studies were categorized by sample size in the present review as "large studies" n . 1000 participants; "medium sized studies," n $ 100 to 1000 participants; and "small studies," n , 100 participants.
Consistency of Evidence
The scheme proposed by Sallis et al 15 was used to summarize the consistency of the body of evidence as There were no statistically significant differences found in average number of steps taken per school day among normal weight, overweight, and obese students previously used to infer the degree of confidence in the conclusions. "Strong evidence" of an association exists when 60%-100% of studies find significant associations in the same direction.
RESULTS

Overall Results
Of the 304 potentially eligible articles, 36 were eligible and included and are summarized in the present review (Figure 1 is a flow diagram describing the search and selection process). Only 17% (6/36) of eligible studies were longitudinal 14, [16] [17] [18] [19] [20] (Table 1) , from which 83% (5/6) were intervention studies. Most studies [83% (30/36)] were cross sectional 10, (Table 2 ). Only 6% (2/36) of studies focused on children younger than 5.5 years old. Most studies [80% (29/36)] included children and adolescents aged 5.5 to 10.5 years, whereas 5/36 (14%) studies included adolescents aged .10.5 to 18 years. However, all the studies included BMI as a proxy for adiposity, and 19% of studies (7/36) also measured waist circumference. However, only 25% (9/36) of studies used more precise measures of body composition such as skinfolds and/or BIA. The studies reviewed here consistently reported significant and negative associations between walking and adiposity (25/ 35; 71%), indicating "strong evidence" that such an association exists with higher levels of walking being associated with lower measures or indices of adiposity. In the cross-sectional studies, 24/30 (80%) of them found significant negative associations, and in the longitudinal studies, 2/6 (33%) of studies found significant negative associations while the other studies found a nonsignificant trend in the "expected" direction.
Results by Outcome Measure
Significant negative associations between pedometerdetermined physical activity and adiposity were found in 16/ 23 (70%) of studies that used simple proxies for adiposity as the outcome measure and 10/13 (77%) of studies that used more precise body composition variables such as skinfolds and waist circumference as the outcome measure.
Results by Sample Size 7/36 (19%) of studies were "large" (n . 1000 participants), 25/36 (69%) "medium size" (n 5 100-1000 participants), and 4/36 (11%) "small size" (n , 100 participants). 86% (6/7) of the large studies found significant negative associations, whereas the corresponding percentage was 72% (18/25) in the medium sized studies and 50% (2/4) in the small studies.
Results by Pedometers Model
Twenty of 36 (56%) of studies used the same pedometer model, the Yamax Digiwalker SW-200 series which has consistently been found among the most accurate of the pedometers. The Yamax SW-200 is recommended as a reliable monitor for use in children 2 and is the most commonly used pedometer to assess PA and walking among children. 49 Only one meta-analysis was found, and the results support the fact that the use of pedometers has a moderate and positive effect on the increase of PA in intervention studies.
DISCUSSION
The studies summarized in the present review represent a large body of evidence that reported significant and negative associations between pedometer-determined physical activity and adiposity with a high degree of consistency, probably indicating "strong evidence" that such an association exists. 15 The present review therefore supports the view that variation in the level of walking in youth is a contributor to variation in weight status. This study supports the hypothesis that higher levels of walking are protective against increased adiposity in youth and so supports the use of walking as a promotion as a strategy for obesity prevention.
This study found a number of evidence gaps and weaknesses which future research could address. Relatively few studies tested for associations between pedometerdetermined physical activity and adiposity in the preschool population, and among the studies on school-age children and adolescents, there were far fewer studies of adolescents than children. Many studies did not consider differences in associations between pedometer-determined physical activity and adiposity between the sexes, but it may be noteworthy that the evidence summarized here contained a suggestion that significant negative associations may be found more commonly among boys than girls and that associations may be stronger in boys than girls. Future research would be required to address the issue of sex differences more conclusively, but boys are usually more physically active than girls, as suggested by many reviews, 1, 2, 6, 8, 9, 14, 29, 35, 36, 41, 43 and in a previous systematic review of associations between accelerometer measured physical activity (not specifically walking) and adiposity in youth, there was a suggestion of consistently stronger associations in boys than girls. 1 Numerous descriptive studies have implemented pedometers to assess weekday walking in children and adolescents, yet comparatively few have obtained separate data representing weekend days. The number of steps taken by children on the weekends is of particular interest, given the current evidence that young people are less active when outside the school environment. 3 The strong associations highlighted in this review provide support to the use of pedometers in studies of the etiology of obesity in youth, although the limitations of measuring only the numbers of steps should always be considered, and where resources permit alternative methods of measuring physical activity (eg accelerometry) should also be considered. Only one meta-analysis was found, and the results support the fact that the use of pedometers has a moderate and positive effect on the increase of PA in intervention studies. 50 Publication bias may well have influenced the literature on associations between pedometer-determined physical activity and adiposity in youth. No formal test for publication bias was performed in this study, but the conclusions of larger studies (n . 1000) reviewed were actually more supportive (86% of studies found significant negative associations) of the hypothesis that higher levels of walking protects against high adiposity than the conclusions of smaller studies (n , 100; 50% of studies found significant negative associations), and this conclusion was independent of the method used to categorize sample size. An additional limitation of the literature was that because of the predominance of crosssectional studies, it is difficult to rule out bidirectionality-the possibility that higher adiposity might reduce walking.
Greater confidence about causal relationships between pedometer-determined physical activity and adiposity would also require a greater body of evidence from longitudinal and intervention studies-the present review suggests that there is a distinct lack of evidence from these study designs. Finally, the body of evidence identified from this study was too limited and too heterogeneous to attempt to assess "dose-response" relationships between physical activity and adiposity-future research should attempt to identify the "dose-response."
CONCLUSION
The present review supports the hypothesis that higher levels of walking behavior are against higher levels of child and adolescent adiposity. However, prospective longitudinal studies using more precise methods of body composition are warranted; there is a need for more research on younger children, in a wider variety of settings and populations, and for more "dose-response" evidence. Detecting strong evidence of this association using pedometers not only implies its utility in monitoring walking levels but also could help us as a tool in promoting physical activity patterns by means of motivational aspects.
